Experiments were conducted with growing and finishing swine to evaluate the effectiveness of various amino acid additions to low-protein corn-soybean meal diets. Two feeding experiments were conducted with growing swine each including a 16% protein positive control diet. In the first, a 14% protein diet served as the negative control while in the second trial it was a 12% protein diet. Amino acids were supplemented to the negative control diets in each experiment. Rate and efficiency of gains from feeding either 12 or 14% protein diets were inferior to those of pigs fed the 16% protein diet. Lysine additions to the 14% protein diet resulted in pig performance similar to those fed the positive control diet. The addition of both lysine and tryptophan to a 12% protein diet for growing swine equaled the performance of pigs fed the 16% protein diet. The first-and second-limiting amino acids for growing swine from the 12% diet was suggested as being lysine and tryptophan, respectively. A nitrogen balance trial supported the observations of these latter findings. The addition of methionine or threonine to amino acid supplemented diets resulted in reduced performance.
INTRODUCTION
Corn is low in several of the essential amino acids but has been shown to be first-limiting in tryptophan and second in lysine for the growing pig (Baker et al., 1969) . With finishing swine, Gallo and Pond (1968) demonstrated growth responses when lysine was added to a corn diet but only when tryptophan was simultaneously supplemented, suggesting that tryptophan was the initial limiting amino acid and lysine second.
If one calculates the total amino acid level present in corn-soybean meal diets at various protein concentrations and expresses each as a percentage of the growing pig's requirement, a 16% protein diet will meet all of the dietary essential animo acid needs (N. R.C., 1973) . This assumes that the amino acid composition of the dietary components and the N.R.C. requirements are correct and that the dietary source of amino acids are of relatively high availability to the animal. If, for example, the dietary protein level isqowered to 12% by altering the ratio of corn and soybean meal, lysine is calculated to 1175 JOURNAL OF ANIMAL SCIENCE, Vol. 42, No. 5, 1976 be the first-limiting amino acid, the sulfur amino acids (S-aa, i.e., methionine and cystine) the second limiting with tryptophan and threonine being met at 100% of the requirement. The same procedure can be used for other protein levels and for the finishing pig to establish anticipated amino acid limitations present in low protein diets.
The effectiveness of amino acid supplementation to low-protein corn-soybean meal diets has been amply demonstrated by several workers as reviewed by Meade (1972) . Generally, their results have demonstrated improved performance when lysine was incorporated in the diet, but this has not been the case when methionine was added.
The objective of the experiments reported herein was to further evaluate the effects of amino acid supplementation, notably the second-limiting amino acid, to low-protein cornsoybean meal diets for both growing and finishing swine.
EXPERIMENTAL PROCEDURE
In the first experiment 42 Yorkshire pigs weighing approximately 20 kg were allotted by litter, sex and weight to one of six dietary treatments.
All animals were individually penned and fed their diets ad libitum for a 42-day period. The treatments included a 16% protein positive control and a 14% protein negative control diet. Other treatments included the addition of either lysine or both lysine and DL-methionine to the 14% protein diet, replacing corn, to bring the total dietary levels of lysine to .78 or .9% and the S-aa's to .52%. In the second experiment, 42 crossbred pigs of approximately 20 kg were allotted as above to one of seven dietary treatments. A 16% protein diet served as the positive control while a 12% protein diet was the negative control. Accompanying treatments were the 12% protein diet supplemented with lysine, lysine + DL-methionine, lysine + DL-tryptophan or lysine + L-threonine. Both DL-methionine and DL-tryptophan were considered as 80% biologically converted to the L-isomer. Pigs were housed and fed their treatment diets as in the above experiment.
In experiment III, a nitrogen balance trial was conducted with 20 Hampshire pigs consuming their respective treatment diet ad libitum for at least a 2-week period prior to placement in metabolism crates. The treatments included the 16% and 12% protein diets of experiment II plus those in which lysine, lysine + S-aa or lysine + tryptophan were supplemented to the negative control diet.
Pigs placed into the metabolism crates averaged 37 kg and were adjusted to the condition of the balance trial for a 1-week period with equalized feed intakes offered twice a day. A randomized complete block design was used with blocks formed on the basis of litter and weight. Ferric oxide was added to the feed at the beginning and end of a 5-day experimental collection period. Feces was collected daily and frozen. At the end of the experiment fecal material was weighed, mixed fresh and a sample saved for nitrogen determination. Urine was collected daily in a plastic bucket containing 20 ml of 4 N H2SO4, diluted to a constant volume, with individual aliquots combined daily for the 5-day period and frozen until analyzed. The nitrogen contents of feed, urine and feces were determined according to the Kjeldahl method.
Experiment IV was a completely randomized design conducted in two replicates of 120 crossbred pigs averaging approximately 50 kg and allotted on the basis of sex, litter and weight. A positive control 13% protein diet and a negative control 10% protein diet were evaluated (table 1). In addition the other treatments contained supplementary lysine, or lysine plus either DL-methionine or DL-tryptophan added to a 10% protein diet at the expense of corn. Animals were group fed and allowed to consume their diets ad libitum in concrete floored open-fronted sheds during the winter season. Experiment V was conducted in two replicates with 80 crossbred pigs at an approximate initial weight of 54 kg and allotted as in the above experiment. Treatments were the same as in the previous experiment except that the pigs were housed indoors under complete confinement conditions during the summer season.
Feed samples of the positive and negative control diets were pooled, by treatment, for each experiment and analyzed for protein by the Kjeldahl method with lysine (acid hydrolysis) and tryptophan (enzyme hydrolysis) determined on an amino acid analyzer.
The data were analyzed as outlined by Steel and Torrie (1960) using a pooled standard error and a t-test with selected non-orthogonal comparisons after a significant F-test was obtained for treatment effects.
RESULTS AND DISCUSSION
The 14% protein diet did not support maximum pig growth rate (P<.05) or feed intake (P<.01) as compared to those pigs fed the positive control 16% protein diet (table 2) . The addition of lysine, however, to the 14% protein diet resulted in improved performance with gains and feed intakes being similar to those which were fed the 16% protein diet. The supplementation of both lysine and methionine did not result in any improvement in performance as did lysine singly, suggesting that methionine was not limiting in the 14% protein diet for growing swine. When the higher level of lysine (.90%) was added singly or in combination with methionine, reduced gains (P<.05) and feed consumptions (P<.01) occurred, suggesting an imbalance resulting from these amino acid additions. The data suggest that the imbalance effect was associated more with the lysine addition rather than from methionine. That this low level of supplemental lysine could precipitate such results is somewhat surprising since this is approximately the equivalent amount of lysine found in an 18% protein diet composed of corn and soybean meal. The major difference, however, is that a larger proportion of the lysine supplied in this diet was immediately available for absorption by the animal and the resulting physiological level probably precipitated the imbalance effect. Baker et al. (1969) The inclusion of supplemental lysine to the 14% protein diet has generally not resulted in improved pig performance as reviewed by Meade (1972) , but in this experiment it did. Two reasons why these results may differ from other reported findings are (1) dietary analyses indicated that the 14% protein diet contained .64% lysine which is below the N.R.C. lysine requirement (.70%) for growing swine, while the positive control 16% protein diet contained a higher lysine level (.81%) and (2) the pigs used in this experiment were leaner and probably had a higher requirement for lysine. Mahan et al. (1973) reported that the meat-type pig during the growing stage responded to 18% protein diets, implying higher amino acid requirements for this type of animal.
When the diet was lowered to a 12% protein concentration (experiment II) there resulted a marked decrease in pig gains (P<.05) as compared to those fed the 16% protein diet (table  3) . When lysine alone was supplemented to the 12% protein diet, both gains (P<.05) and feed conversions (P<.05) improved over those when this amino acid was not added. The addition of both lysine and methionine to the diet resulted in depressed gains and a higher feed conversion as compared to those when lysine singly supplemented the diet. These results again demonstrate that methionine was not limiting in this diet, and in fact resulted in imbalancing the ration and lowering performance. When, however, both lysine and tryptophan were added to the 12% protein diet, there was an improved pig growth response (P<.05) and feed intake (P<.05) as compared to the 12% protein diet. Although pig gains and feed intake were also superior to those when lysine was added singly to the 12% protein diet the results were not statistically significant. When both lysine and tryptophan were added to the 12% protein diet, pig performance was similar with that of the group fed the 16% protein diet. Because of the initial increased growth response to the lysine addition and the further improvement when tryptophan was added, these results suggest that lysine was the first-limiting and tryptophan the second-limiting amino acid in these diets. The data do not support the assumed calculated second-limiting amino acid to be methionine. The inclusion of threonine in the diet did not improve performance. The 12% protein diet required .29% supplemental lysine to increase the total dietary lysine level to .78%, resulting in improved performance as noted above 9 This same approximate level of supplemental lysine resulted in depressed performance in experiment I but not in experiment II. The supplementary level of free lysine is probably not as important as the physiological surplus level after the amino acid requirement has been met.
The lysine level of .90% resulted in lowered performance in experiment II and provided additional evidence of the imbalance as demonstrated in the previous experiment.
The results of the nitrogen balance trial presented in table 4 demonstrate an increase in nitrogen retention (P<.05) when supplemental lysine was added to the 12% protein diet. These results suggest better utilization of absorbed amino acids in the lysine supplemented diet. When both lysine and tryptophan were added to the diet, nitrogen balance increased and urinary nitrogen decreased from that when only lysine was added, suggesting a further improvement in the biological value of the absorbed amino acids. These three treatment results support the conclusions of the previous experiment in that lysine and tryptophan are limiting and are in most probability the firstand second-limiting amino acids, respectively, in this diet.
When both lysine and methionine were added to the diet, nitrogen retention decreased slightly and urinary nitrogen increased as compared to when lysine singly supplemented the 12% protein diet. Although the values from this treatment group did not differ statistically from the other lysine supplemented diets, these results do provide supportive evidence that methionine supplementation does not improve nitrogen retention and may possibly result in poorer utilization of absorbed amino acids and poorer growth.
The effects of adding lysine or lysine plus either methionine or tryptophan to a 10% protein diet for finishing swine are reported in table 5. In experiment IV environmental conditions influenced the feed consumption and consequently affected the performance of the animals as there was a prolonged period of extremely cold and windy weather during much of the experiment. Even with this factor influencing performance, those pigs which were fed diets with lysine or lysine plus tryptophan had higher gains (P<.05)and feed intakes over those pigs fed the 10% protein diet. The pigs fed the 10% protein diet with the lysine plus tryptophan supplementation surpassed the performance (P<.05) of those fed the diet with only lysine added. That environmental effects can influence gains, feed intakes and feed conversion has also been reported by Seymour et al. (1964) .
In experiment V where the experiment was conducted during the summer and under a complete confinement situation, pig performance was markedly superior as compared to that of experiment IV (table 5) . Gains were lower (P<.05) and feed conversions higher when the 10% protein diet was fed as compared to the positive control. When the 10% protein CActual analysis (%) of the two control diets -Experiment IV: Positive C; C.P. --12.22; lysine = .56;tryptophan = .09: Negative C; C.P. = 8.73, lysine = .32;tryptophan = .03 (as fed). dActual analysis (%) of the two control diets -Experiment V: Positive C; C.P. = 12.63 ; lysine = .58; tryptophan = .14: Negative C; C.P. = 9.73 ; lysine = .33 ; tryptophan = .08 (as fed).
e'f'gMeans with different superscript differ P<.05. diet was supplemented with lysine, pig performance was similar to that of those fed the 13% protein positive control diet. No further improvement was obtained when tryptophan was added.
An analysis of the two negative control diets for both experiments help to explain the apparent different responses of the above two experiments. In experiment IV the crude protein and tryptophan analyses were found to be lower but lysine was similar to calculated values. Feedstuff ingredients were not assayed individually and the origin of the lower values could not be ascertained. In the latter experiment, protein, lysine and tryptophan had essentially the same analytical concentrations as those calculated. These results do emphasize the importance of amino acid analyses of dietary components especially for those amino acids which are potentially limiting. Brown et al. (1974) estimated in a nitrogen balance trial with finishing pigs that the tryptophan requirement was .059%. The results from these two experiments largely support the observations of those workers, in that under group feeding conditions the tryptophan requirement for finishing swine did not exceed .08% of the diet which is below that currently established by N.R.C. (1973) . GaUo and Pond (1968) also found that tryptophan and lysine were the first-and second-limiting amino acids, respectively, for finishing swine fed a 10% protein diet, but their diet consisted entirely of corn. In this experiment soybean meal, although a minor dietary component to the 10% protein diet, undoubtedly contributed a differing dietary amino acid pattern than that used by the above workers. Although the ratio of corn and soybean meal used in the formulation of this diet should have resulted in tryptophan and protein concentrations greater than that obtained by analysis of experiment IV, the feedlot performance supported the analytical results.
The addition of methionine to the 10% protein diet resulted in poorer performance with finishing swine in one experiment and had no detrimental effect in the other. Wahlstrom and Libal (1974) reported in their group feeding studies that methionine supplementation resulted in poorer pig performance.
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